STUDY OBJECTIVE To estimate the incidence of 10 common cancers among patients treated with antimuscarinic medications for overactive bladder (AMOABs). DESIGN Retrospective cohort study. DATA SOURCE United Kingdom's Clinical Practice Research Datalink. PATIENTS A total of 119,912 adults with no previous cancer diagnosis who were new users of AMOABs -darifenacin, fesoterodine, oxybutynin, solifenacin, tolterodine, or trospium-between January 2004 and December 2012. MEASUREMENTS AND MAIN RESULTS Sex-specific incidence rates per 1000 person-years and 95% confidence intervals (CIs) were estimated for each study cancer (bladder, breast, colorectal, lung, melanoma, non-Hodgkin lymphoma, pancreatic, prostate, renal, and uterine cancer) overall and stratified by time since cohort entry and by cumulative AMOAB dose. Among the 119,912 patients followed for 399,365 person-years, 4117 incident study cancers occurred. The incidence rate of prostate cancer was 14.2 (95% CI 12.9-15.5) in the year after cohort entry and decreased markedly thereafter. The incidence rate of bladder cancer was also higher in the year after cohort entry than subsequently (men: 5.5, 95% CI 4.8-6.4; women: 1.2, 95% CI 1.0-1.5). The incidence rates of both prostate and bladder cancer decreased with increasing cumulative dose of AMOAB. We observed no similar relations between incidence rates of other study cancers and time since cohort entry.
CONCLUSION High incidence rates of bladder and prostate cancer soon after AMOAB initiation and a negative correlation between incidence and cumulative AMOAB dose suggest that protopathic bias is a more likely explanation for these findings than causality. (Protopathic bias in this context means patients' urinary symptoms prompted treatment with an AMOAB, but the symptoms were actually due to a cancer that was already present, although not yet diagnosed or not yet recorded.) To avoid unnecessary delays in the diagnosis of prostate and bladder cancer, physicians should consider these diseases in patients for whom treatment with AMOABs is indicated. KEY WORDS cancer, incidence, epidemiology, prostate, bladder, overactive bladder, medications. (Pharmacotherapy 2017;37(6):673-683) doi: 10.1002/phar.1932
The International Continence Society defines "overactive bladder syndrome" as a condition manifested by urinary urgency, usually accompanied by frequency and nocturia, with or without urgency incontinence, in the absence of urinary tract infection or other obvious pathology. 1 Overactive bladder symptoms adversely affect quality of life. 2 A large majority of patients with overactive bladder symptoms are women, especially among those with urge incontinence. 2, 3 The diagnosis of overactive bladder syndrome should begin with a process to exclude specific disorders that could cause the patient's symptoms, including a careful history, physical examination, and urinalysis for all patients and additional procedures for some. 4 Initial treatment of overactive bladder symptoms may include behavioral therapies and pharmacologic management. 4 Antimuscarinic drugs have been the mainstay of pharmacologic treatment for overactive bladder for several decades. However, improvement in overactive bladder symptoms in patients treated with these drugs is modest, 5 and long-term adherence is generally poor, with less than 10% of patients remaining on treatment after 1 year. 6 As part of a postapproval commitment to the U.S. Food and Drug Administration (FDA) for mirabegron 7, 8 (a selective b 3 -adrenergic agonist), we undertook a study to estimate cancer incidence rates in patients initiating antimuscarinic medications for overactive bladder (AMOABs) in the United Kingdom using the Clinical Practice Research Datalink (CPRD). That study evaluated standard care for overactive bladder (antimuscarinic medications) before creating the group comparator for the subsequent phase of the program, which will compare the safety of mirabegron versus standard care. In the present publication, we report results on the incidence rates of 10 commonly diagnosed cancers, as well as further analyses we conducted to assess the nature of elevated rates observed for prostate and bladder cancer.
Methods
This retrospective cohort study was conducted from January 1, 2004, through December 31, 2012. We used CPRD GOLD data (information from general practitioners' electronic medical records) and, for the subset of general practices in England with linkages, data from Hospital Episode Statistics (HES) and the National Cancer Data Repository (NCDR). The study medications were all the AMOABs available at the time the study was initiated: darifenacin, fesoterodine, oxybutynin, solifenacin, tolterodine, and trospium. Eligible patients were at least 18 years old and had at least 12 months of continuous registration in the database, followed by a first (index) prescription for any of the study medications not prescribed in the preceding 12 months. We excluded patients with a previous diagnosis of cancer (other than nonmelanoma skin cancer) or human immunodeficiency virus (HIV) infection. The study cohort included all eligible patients with data in the CPRD during the study period. Patients were followed from the initiation of the first qualifying AMOAB prescription until the earliest of death, transfer out of their general practice, date of last data collection (practice specific), diagnosis of cancer, evidence of HIV infection (diagnosis of or treatment for HIV), or the end of the study period.
Because the present study was part of an international multidatabase collaboration that includes data sources in the United States, the 10 study cancers selected for evaluation were those with the highest incidence rates in the Surveillance Epidemiology and End Results Reporting database 9 : bladder, breast, colorectal, lung, melanoma, non-Hodgkin lymphoma, pancreatic, prostate, renal, and uterine. Case identification and validation in GOLD data have been described previously. 10 Among the subcohort of the study population with linked data, cases identified in HES or NCDR data were included in the analysis without further validation.
We estimated crude and age-and sex-standardized incidence rates and their 95% confidence intervals (CIs) for the individual study cancers among new users of any AMOAB. Incidence rates were standardized to the age-and sexspecific person-time contributed by the entire study cohort. Since crude and standardized rates were closely similar to each other, only the standardized incidence rates are reported here unless indicated otherwise. 
Results
Of 173,927 users of AMOABs in the CPRD initial data set, 54,015 patients were excluded for the following reasons: 37,108 for not having a study drug prescription that qualified as an index prescription, 16,860 for a cancer diagnosis on or before the cohort entry date, 38 for HIV infection/acquired immunodeficiency syndrome (AIDS) on or before the cohort entry date, 8 for both cancer and HIV infection/AIDS on or before the cohort entry date, and 1 because the patient identification number was reported by the general practitioner (GP) to represent a "test patient" created for training purposes. Thus, a total of 119,912 eligible new users of the study AMOABs were identified, of whom 61,993 (51.7%) had data linkable to the HES and/or NCDR databases. Characteristics of the patients at cohort entry (overall and stratified by age, < 65 vs ≥ 65 yrs) are shown in Table 1 . Nearly half the patients were aged 65 years or older, and almost 70% were female. Calendar years of cohort entry were well distributed throughout the study period. About half the patients had a recorded Read code diagnosis of overactive bladder or related symptoms (Read codes are provided in Table S1 ). Other characteristics and comorbidities are listed in Table 1 . The mean AE SD duration of the first episode of use of AMOAB ranged from 5.5 AE 10.9 months for oxybutynin to 8.9 AE 14.4 months for darifenacin. During follow-up, 73% of patients were exposed to only a single study AMOAB. 15 Altogether, 4117 incident study cancers were identified during 399,365 person-years of follow-up: 932 prostate, 886 female breast, 545 colorectal, 534 bladder, 495 lung, 182 melanoma, 144 non-Hodgkin lymphoma, 138 pancreatic, 136 uterine, and 125 renal. The incidences of any study cancer in relation to treatment with each individual AMOAB, stratified by sex, are shown in Table S2 . There was no substantial variation in the incidence rates of the study cancers in relation to the individual AMOABs.
Cancer incidence rates in relation to exposure to any AMOAB, stratified by sex, are presented in Table 2 . (All incidence rates and CIs herein are reported per 1000 person-yrs.) For cancers that occur in both men and women, the rates were consistently higher in men except for melanoma. Prostate cancer accounted for nearly half of the study cancers identified among men (932 of 1917 events). The incidence rate of prostate cancer was 8.2 (95% CI 7.7-8.8). Bladder cancer represented approximately one-third of study cancers other than prostate cancer among men (325 of 985 non-prostate cancer events). The incidence rate of bladder cancer in men was 2.9 (95% CI 2.6-3.2) and in women was 0.7 (95% CI 0.6-0.8). Select cancer incidence rates by sex and stratified by time since cohort entry (i.e., years after start of the index AMOAB) are shown in Figures 1 and 2 (stratified in 6-mo intervals for 5 yrs after cohort entry) and Table S3 (stratified in 1-yr intervals for all available follow-up). The prostate cancer incidence rate was 14.2 (95% CI 12.9-15.5) for the period up to 1 year since cohort entry and 6.8 (95% CI 5.8-7.9) for the second year after entry; then the rate decreased more gradually thereafter. The bladder cancer incidence rate was similarly greater soon after cohort entry than later: among men, 5.5 (95% CI 4.8-6.4) up to 1 year since cohort entry, 2.5 (95% CI 1.9-3.2) for the second year since entry, and lower for most subsequent years; among women, 1.2 (95% CI 1.0-1.5) up to 1 year since entry, and ranged from 0.3 to 0.7 for all subsequent years. Stratified by 6-month intervals, the incidence rate of prostate cancer in the first 6 months after cohort entry was 19.3 (95% CI 17.3-21.6), and the rates for subsequent 6-month periods were all lower. Other commonly occurring study cancers (i.e., those with the most precise rate estimates) did not show this pattern of rapidly decreasing incidence rates over time since cohort entry (Figures 1  and 2 ).
There were no meaningful changes in the observed patterns when we carried out similar analyses further stratifying the incidence rates by calendar year of each patient's cohort entry (2004-2006, 2007-2009, and 2010-2012 ; data not shown).
Cancer incidence rates were also estimated in relation to cumulative exposure to each study medication; results for bladder cancer and prostate cancer among users of the most frequently prescribed AMOABs are presented in Table 3 . In general, there was no trend of increasing cancer incidence by cumulative exposure; to the contrary, cancer incidence rates tended to decrease with increasing cumulative dose of the study medications.
We also estimated incidence rates of prostate and bladder cancer according to whether patients had a diagnosis of overactive bladder syndrome or related symptoms recorded (Read codes used to identify diagnoses are provided in Table S1 ). The rationale for this analysis was that physicians might be more likely to record a diagnosis of overactive bladder syndrome or related symptoms for patients they consider to have unexplained urinary complaints than for patients in whom a prostate or bladder cancer is suspected but not yet diagnosed. Altogether, 49.6% of patients had a diagnosis of overactive bladder syndrome or related symptoms recorded at cohort entry. Consistent with this rationale, incidence rates for prostate and bladder cancer were both found to be substantially lower among patients with a recorded history of overactive bladder syndrome or related symptoms than for those without such. For example, among patients entering the cohort in 2004-2006, the prostate cancer incidence rate was 5.4 (95% CI 4.5-6.4) among those with a prior overactive bladder diagnosis or symptoms recorded and 8.4 (95% CI 7.5-9.5) among those without this information. However, in both subgroups, a similar pattern of decreasing incidence during the first and second years after cohort entry was observed; among those with a prior overactive bladder diagnosis or symptoms, the prostate cancer incidence rate was 8.9 (95% CI 6.3-12.1) for 0-1 year after entry and 4.2 (95% CI 2.4-6.7) for the second year after entry, whereas among those with no prior overactive bladder diagnosis or symptoms recorded, the corresponding rates were 19.2 (95% CI 15.8-23.0) and 6.4 (95% CI 4.4-9.0). These patterns were similar for all calendar periods of cohort entry, for each individual AMOAB, and for both bladder and prostate cancer (data not shown).
Discussion
We observed transiently high incidence rates of bladder and prostate cancer soon after initiation of medical treatment for overactive bladder symptoms, but the incidence of other common types of cancers did not show this pattern. The elevated bladder and prostate cancer incidence rates occurred so soon after initiation of AMOAB therapy that a causal effect of such treatment was unlikely. Moreover, the observed negative correlation between the incidence of these cancers and cumulative dose of the study AMOAB would represent an unusual pattern for a cancercausing exposure since the risk of cancer with many known carcinogens increases with cumulative exposure.
A more likely explanation for these findings is protopathic bias-that is, patients' urinary symptoms prompted treatment with an AMOAB, but the symptoms were actually due to a cancer that was already present, although not yet diagnosed or not yet recorded. Since GPs may have been less likely to record an overactive bladder diagnosis or symptoms for a patient in whom they suspected an underlying cancer (than for a patient in whom no cancer was suspected), the higher incidence rates of bladder and prostate cancer in patients without overactive bladder diagnoses or recorded symptoms (compared with those having such diagnoses or symptoms in their record) provides further support for this explanation. Still, we observed a decrease in the incidence of bladder and prostate cancer after the first year of followup in those with and those without a diagnosis of overactive bladder or related symptoms, suggesting that protopathic bias was likely a factor even in the latter subgroup.
Although surgical, medical, and radiation therapy of bladder and prostate cancers can result in bladder irritability that may sometimes be treated with overactive bladder medications, [16] [17] [18] we Incidence rates are standardized to the age-sex distribution of the full study cohort. Follow-up time for breast cancer incidence rate was censored after a bilateral mastectomy. Also, women with a history of bilateral mastectomy at study entry were omitted. Follow-up time for uterine cancer incidence rate was censored after a hysterectomy. Also, women with a history of hysterectomy at study entry were omitted. consider it unlikely that the patterns of incidence rates reported in the present study were due to known cancer diagnoses. Treatment of prostate and bladder cancers may be initiated by specialists, but a GP not recording a known cancer diagnosis when a complication of its treatment has prompted the prescription of a new medication would represent a questionable quality of medical care.
A possible limitation of our analysis is that we did not investigate whether there was variation by age in the increased incidence rates of prostate and bladder cancer soon after cohort entry. Further evaluation of this question may be informative when similar studies are conducted in the future.
The results of this study are consistent with concerns expressed elsewhere. Current treatment guidelines for overactive bladder syndrome advise that the clinician should engage in a diagnostic process to document symptoms and signs that characterize overactive bladder and exclude other disorders that could be the cause of the patient's symptoms. 4 Moreover, in Consumer Health Information recently published by the FDA, it was noted that "some conditions-such as . . . prostate disease and bladder tumors-have symptoms similar to overactive bladder and should be excluded The CPRD is an excellent data resource for conducting studies such as this. Prescriptions written by GPs are recorded at the time they are provided to patients; although this does not guarantee that prescriptions were filled or that medications were actually taken, the automated system provides a full record of medications prescribed by GPs. Moreover, the diagnosis of many cancer types has been well validated in the CPRD, although it has become apparent recently that using linked data sources increases the number of cancers identified beyond those documented in GP records alone. 20, 21 In a validation substudy, we confirmed the high reliability of cancer diagnoses in the present study population. 10 Finally, although cancer diagnoses are sometimes recorded in GP records later than when the diagnosis was actually established, 22 we doubt that this more general issue is sufficient to account for the findings presented here because the elevated rates we observed soon after cohort entry were limited to prostate and bladder cancers.
To our knowledge, this is the first study that quantitatively estimates the risk of common cancers among users of AMOABs. 23 Two other studies (also components of the same international, multidatabase collaboration), which used the Danish and Swedish National Registers and the same common protocol as our study, subsequently obtained information on prostate and bladder cancer incidence rates stratified by time since cohort entry that are closely similar to those presented here.
24, 25

Conclusion
Our findings of high incidence rates of bladder and prostate cancer soon after AMOAB initiation and a negative correlation between incidence and cumulative AMOAB dose suggest that protopathic bias is a more likely explanation for these findings than causality. As noted in treatment guidelines cited previously, 4 physicians who prescribe overactive bladder medications should be aware of the possibility that patients with overactive bladder symptoms may have an undiagnosed bladder or prostate cancer. Diagnostic testing to evaluate patients for the presence of these malignancies should be considered when overactive bladder medications are initiated if it is possible that an undiagnosed malignancy is already present.
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